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(54) Title: METHOD OF SEQUENCING DNA 
(57) Abstract 



The present invention provides a 
method of identifying a base at a target 
position in a single-stranded sample 
DNA sequence wherein an extension 
primer, which hybridises to the sample 
DNA immediately adjacent to the target 
position is provided and the sample DNA 
and extension primer are subjected to a 
polymerase reaction in the presence of 
a deoxynucJeotide or dideoxynucleotide 
whereby the deoxynucleotide or dideoxynu- 
cleotide will only become incorporated 
and release pyrophosphate (PPi) if it is 
complementary to the base in the target 
position, any release of PPi being detected 
enzymically, different dcoxy nucleotides or 
didcoxynucleotides being added either to 
separate aliquots of sample-primer mixture 
or successively to the same sample-primer 
mixture and subjected to the polymerase 
reaction to indicate which deoxynucleotide 
or dideoxynucleotide is incorporated, 
characterised in that, the PPi-detection 
enzyme(s) are included in the polymerase 
reaction step and in that in place of deoxy- 
or dideoxy adenosine triphosphate (ATP) 
a d ATP or ddATP analogue is used which 
is capable of acting as a substrate for a 
polymerase but incapable of acting as a 
substrate for a said PPi-detection enzyme. 
The method of the invention advantageously 
continuous determination of the progress of the 
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permits large-scale non-electrophoretic solid phase DNA sequencing, which allows for 
polymerisation reaction with time. 
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®¥JB#*5BWK:«fcDltffBte&*. ELIDASWt 2 30>**fCjec: £ tSH* 
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l^?)T^y 7t; y > a - ft h U *77x - h (dATPaS) T&£ 0 
dATPaSH d.CTP, dGTP^i^dTTPWa-^^Tfo^ttfe 
\Z, New England Nuclear Labs^ ^lAt^u £^T#£ 0 ^T^^^WC^ 
TfE«t"^)cfc-5^, dATP$dATPaSTHt§:iH dAT 

P a S ch;i/->^x^— ^h(Dmx<Dm^flFRi(D!Kn<Dfr$>, {g</Vty ^ ^ > 

, issfi-frtty-l XttiZ, dATPWf^^t^^l/tf K7t 
£fC=kD> ^n^;i/^^3i^-if©SK<i:LT^tgT^^ch^T#?>cl ATP© 
fg^7 £ «fc 0 3 1 d $ nSA* y 9 tfy^jyY *mWT Z> Tzsb, lz L 

teWrT^o «rfc, #fgW#<~>te, dATPf:J:5W:EHt§;i/y7i'J> 
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©Mi d AT P O^tli LT, KJfcig'&to^fcAT P)&*#& 
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IJipfDNAH ^Jx^-r>t: hDTPCRSfcttSelf Sustained Sequence Re 
plication (3SR) \z<kV, &£<^«^ >¥tfX^? $>-&m^T. mmTZ 

^xm^xh^i\ ^Tn<Dmm-ftf£&m^z>M&x$>-DXb. mmtsntzDN 
a«, m%.it~?z>fi\ > ^fcttara#:^©#*^i t ^ciit^ ^ 

^xzfnmm^—mizwvm^n^^^viz. mmDNAvm xm±com^zwi 

i ^rM2^±(DPCRy°^^-^--^<Dm<Dm^t^miz-r^>mm. 
mmmz> DNAcDm^m^mmznm-r^y^^^-^^^v. ^-©3' 

y40 ®JgffiT&oTfc«kV> (K. Aimer, 1#±tl:£, Royal Institute of Techn 
ology, Stockholm, Sweden, 1988) „ L^U Mil!i#^T?i2*fcSftTV>*# 
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. 2.0 (USB U.S.A.) Zm^TmirTZo Lt^U <D# U ^ 7— if «^ 

*S(ibtf b« 1 Sfctt 2 Ul±0)( l/tf H (: J: D ^b^ns 

-5^ >tf<Dfc\,*i$V — if, m^t^V^^UT—if^m (exo-) ^ 
k/£#»J*7— if&m>Tfc«fcV>. #U j* 7— i?K:«fcS 3 ' 

5i«^iE«g'& s feM£L<, X^V^^l/T-iffStt^WT^^U^^- 
if^ffl^Tji^cT^ili^T^^o L#>U y^-TT-^^^^D 
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fg-eabD, 5 &T±n^fc):, x^py*^ 1/7- if^Stt^WrSDNA^U 
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^>h*— ; *^T— #&:fcJ;tf/*fcfcJ:--- «iD N A£|W1^ 



(19) #^2 0 0 1 -5 0 1 0 9 2 

W09 3/2 3 5 6 2H r^^^v-^ ^ Hj £ 

^F^t)0tltSiLTt^o brt>U 3' (0J;UiJnzk# 

A*3«fc^Btt, efc^rsci^T^ •€-nfc«fcD#aB , r#jn$tifc4fiS3^-3 ' 

tB^tlfc) 3' Ml^ltibT, £££3' «»2* 7^^>;*^Ix;* 

#iJxJ^ Tprotective Groups in Organic Chemistryj JFW McOnie, Plenum 
Press, I973tciE^£ttT^5fc©;^tf e>ft£>. 

(el i da) &}&$]miz—miz'?z>o ziojjmt. mumzmm^ntcDNA 
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-i&Mz&^Tm^&o u.m\z, el i DAiz^xmmmz^e- ?v>if~rz> 

7i-h (PPi) <Dtt.m&tfm?Z><D'V. ELIDAC*^5->^tMt ffi 
*KgU"f SiliA^flBT&S. DNAf>/^-hH Jf*L<ttPCR^«fco 

t hizm& Rfooimn &mmmzfkfe-tz> z\ t&njuBKrrs. no* -5 &t 

;/n— ^ ©/££&<£> l":7x— Xrifr&oT^&V* (not "in phase" ) J 

t- > :/ lx - h ^#=»"T 3 it if *T -5 / 1 y ? ^ 7 # > F -> © & sb 
, DNA^U^^-ifcDiftVi^cDi^Stt^&^o i0iS!5:7yo-flt & 

mmizit. *$&w<Djjmz, wo 93/2356 3\z^xm.^nx^^ 

ikt.1B.&&t>-&T'h&te. ^(DjjmZ, PCR£ffl</>T> SW©DNAlI©3' 
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HT, HflfB-^4iDNA^#U^7— tf^$IS^ (PCR) iM^U fufSif 

{fc£nTV>& liflRW«*4S:ai S«Tffi«A ' A fc/W ^ U ^Xtt« «fc 

A' ©3' *Sfitt, > <ifc A< 7* 'J ^ XT ^^->43J: 

(a) «Mfi** J ^ , ^-f^-©3 ' *Sf:aSiit^i:5i»DNA(:;\-f 

(b) fef; 

( C ) tro*^7x— httw*ra3£-rsfc«>©iftffi»*#a 

(d) dATPO^Oil, *'J^7- tf<£>gSC£ UTf^JETS £ £#nr#3>oS 
husHP P i iffiiiOSl'^ ITf ffltS C d AT P 7t Di/^ 

(e) «^{CJ:D. ^^v'^^l/^H, ^^ctD, ddATPH #U 
flsfflf £ d t teT#&<^ d d AT P 7tD^fi$tlT^-5 
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(i) 'pu< it> i^<Dy e 7^^-rfy°7^^-<Dmfeit&»smz-rz>^m 

&#TZ> l*f©PCR77^7- ; 

(ii) #£L<^££tre&£, -tfiJ^y— fcf mtfTaqI*'J^7- 
-tf) ; 

(iii) PCR^©^©i«t ; 

(iv) ^^-i/yyv^Yo 

o 

I3 2te, Jl/y7x7 — if^^fC^tT'?) d AT P-fockt/d ATP aSOif^ 
To 0. InmolcDd ATP43J;UC8nraol©dATP a S &^Lfc£&K) izmML 

i3H x>:7V— h^SC0M^:<hUTCDP P i ^©gg^^to 3pmol© 
(exo") ^l//>^£, lSfctt2pmol©E3PN/NUSPTi:i: ! bH, ^ 
bfct^D tC-T >^r^.^- h Lfzo 4 Opmoiood CTP$iM5ut 

KcfcDIH^bfco ^ttl^nfcP P i tt> ELIDAf:=t7«bfc„ 

§^t 0 1 . 5pmoKD^bfc^->7V— h£ 3pmolCD (exo") ^7 1/ / £ <h £ 
td-r >^n^— h bfco 4 OpmolO^bfc^^r^^^ V^rf- K£ 
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»tl)ut[:i;DWU MSntPP i«, EL I D J;oTttt±i Lfc 

o 

, P CRTML/t 2 9 li&S©5£cD— ^^>7 0 l/- biZ-D^xn ofcUT 
M^ADNA@E«^t. lpmolCD5 : ->yi/- H/y^-fT- (NUS 
PT) 3pmol<£> (exo") ^ I// r> £ £ fcK-T >*a-^— b bfc= M^tt 

nfcPPite, EL I DAK£-2T$itBL-fco ^^l/tf FM©r H 1l:, If 
-X£#fc#Lfc 0 4x.e»n^ELIDAyW^t Sfcii^flft©^ If-Xtf)*! 

, y^-TV-c£>f£(7)DNAgE^J£, gRC^f ALT&£<, 

a6«pcR©^ffl©miCii^^-ro pcr^^h^ll, tttt^-Mtm- 
^^^^•tt^co z\<D)v-y°m^, muzmmv. mmmi\zmm\^rc^o\z. 

, PCR X±f& £ tlfe;U- -fmmz-D^xn^ fc'JTM^ADN A@H^'J^& 
^^to ,^2pmol©7 : ->yi/— h£> 3pmol<£> (exo~) ^U/^DNA^U 

\fhthlZ-i >^^.^— bVfco >5J&te> 4 OpmoK^LfcT^^i/^y* 
l/^F£»T££<hK:J;«#}L, #ttH£*l£:PP ite, ELIDACio 
T^liSLfc Jl-^mmt, PCRSJ£<=Ff~3' *^©^©A©#in^Bjfg 

tfTaq DNA#'J/7- if) te> h 7>X7i5- ifSttS^L 

, 3' ^mz^>-/U- hft#tt0^©A*#iDt5fcJ6T*S. 

NA77^>H:/W^ l J^'fXUc^7'f'7-^ffl^M (-fey hTy7° 

) ©m^m^-To 
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KE 2 PN ( 5 5mer: 
5'CGACGATCTGAGGTCATAGCTGTTTCCTGTGTGAACTGGCCGTCGTTTT 
ACAACG3') % 
E 3 P N ( 3 5 mer : 

5'GCTGGAATTCGTCAGACTGGCCGTCGTTTTACAAC3') N 
NUSPT (5'CTAAAACGACGGCCAGT3*) . 
RIT203 

(S'AGCTTGGGTTCGAGGAGATCTTCCGGGTTACGGCGGAAGATCTCCTC 
GAGG) „ 
R I T 2 0 4 

( 5'AGCTCCTCGAGGAGATCTTCCGCCGTAACCCGGAAGATCTCCTCGAA 
CCCA) \ 
ROMO 2 0 5 S 

(5'CGAGGAGATCTrCCGGGTTACGGCG) „ 

RIT28, RIT2 9, *5«ktfUSP (Hul tman, T. , Murby, M. , Stahl, S. , Home 
s,E.,and Uhlen.M. (1990) Nucleic Acids Res. 18, 5107-51 12) SftfbDNA 
'nfiS^B (Gene Assembler Plus, Pharmacia Biotech, Uppsala, Sweden) 

b^f^y-f p e pRPC5/5^J7^ (Pharmacia Biotech, Uppsala, Sweden) 

± y bf b g a fi£ «fc g£z: > Zk= b MM 

PCRSJSH ^7X5 FpRIT2 807)^'J>*-±-C, Hul tman <b ( 
Stfttl) CL^oT7. 5pmol<£>— I T 2 8 33JctfR I T 2 9 £ 

fcf— XDynabeads [ (S&iSfiO M2 8 0 - 7 hU^h7t:y>SfcHM4 5 0 
-Xh^h7ty> (Dynal A. S. , Oslo, Norway) ' ±Jd@5£ftL/fc. —MM 
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ia$^$tlfeci:-5tCfTo^(Nyren ) P.,Pettersson ) B. , and Uhlen.M. (1993) Anal. Bio 
chem. 208, 171-1 75) «, 

^-Urf^^ V*=5- HE 3 PN^it/lf ©PCRM$, U/M-fADN 
A|5^'J^<Z)fc^©^>yi/-hiLT^V^o tU^^l/tf HE3PN$ 
, ±M.<D^\Z.7, hl/7° h7ty>t3-r^ >^Efc^M14bf-X CDynabe 
ads M2 8 0 -X h l/X h T If S?>£fc«M 4 5 0 -X hl/X h7 

if (Sequenase 2. 0 ; U. S. Biochemical, Cleveland, OH, USA) , ^1//^DNA^ 
U^7— if (Pharmacia Biotech, Uppsala, Sweden) ^TcteJ^lrV X 7 U7—t£X 
jft (exo ) 0 VJ ^7DNA*U — if (Amersham, UK) mi-ftt^i £ & 

>^^^- h Lfc 0 m^^^-^x 2 u^~> h h u *x 

7:n— h (Pharmacia Biotech, Uppsala, Sweden) (D^M^Ui^MOU^'y^ T 

h©&#«, 2l@TfTofc : 1 0mMMJX-HC 1 (pH7. 

5) > 0.25M NaC 1, 0 . 1 %Tween 20£r^rr ^lllff^ffl <^ 1 
0mMhiJX-7tf-h (pH7.5) £fflV>fc 0 ^ ^ FIX 0 &fr(Dfz 

isblZtkltiZnrcPP i tt, ELI DAtC^oT^ttSbfc CNyren.P. (1987) Anal. B 
iochem. 167,235-238] . 5B#tt, «teHtHll/3-^-{Cjg^LfcL KB 1 2 5 

0mV©J&#£^££5a8uEL-fc o ^^h^yhS, MOiOATP 
SfctePP i (DmMz^Vl&jELfz, mmMY yfe-f 0.2mlT&D, 
^T©/&#£#^L-T^£: : 0. lMh'JX-7tf-h (pH7.7 5)> 2m 
M EDTA, 1 OmMV^v^AXiz^— K 0 . 1 %u^skm7Jly^ 
lmMyft^KI — ;i/> 5mM7t-V>>5' -*X^^7i-h (AP 
S) , 0. 4mg/m 1 #U tf-JUfoU F> (3 6 0, 0 0 0), 100wg 
/ml D-Jk>7z'J> (BioOrbit, Finland) , 4ug/ 
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ml L-Jk>7xU> (BioOrbit, Finland) , 0 . 3 U/ml ATP^7U7 
-if (ATP : XJl/7i-h7f-'JJl'h7>X7l7- fcf ; EC 2. 7. 7. 
4) (Sigma Chemical Co. , St. Louis, MO, USA) , %nWVi/7 x 7— tf (Sigma Ch 
emical Co., St. Lollis, MO.USA) , 0.1 uM ATPl:^^T2 0 0mVO 
j££r£-5*.£So lpmolCDH3£<kDNA77^>h*J:tX3pmolODNA#U 
^7— t?^±IB(D^^»bfco gB?U#W£KJfc«* 4 OpmoKT^^^F© 
n (Pharmacia Biotech, Uppsala, Sweden) ^iBlt^utHioTTO^tfc 
o giBTffofc. ;k>7x5- tf&jfcfc*rr*dATP*5j;tXdATP 

¥ j ftfbBffi D N A@BffJj%3g 

[Hu 1 tman, T. , Bergh, S. , Moks, T. , and Uhlen.M. (1991)BiotechniqueslO, 84 
-93] \Z£Y)mm\sl£o 

mrnvkfefeommzm 1 iz^xmrnt^o @w©#sMDNA7777>h 
) H^ftu ta^T— ^mmmizmm-r^o zo-^mDNAizmmfe?'?^ 

7-*/W7*U^X$t, 7^^>^ KttfM >^ol^— ~>a 

o EL I DAfc:*3V>Tte, il$$nfcPPitt, ATPXJl/7U7-t't:J;DA 
TPtC^M^n, ATP©l^'77i7- t?7yt-f Ciot^TS 
(Ell) o ELIDAO»^ y^-f ^-©^©@E?'J^jt^T^o 
Jk>7i7-t^t:^dATP^J:t/dATP aSOll 
:£fgej#£>te, d ATP7^yren£K<£DfE*c$*l7t (fiftH) ;k>7x7~t* 



(27) WS2 0 0 1-5 0 1 0 

^^LTV^j:^) , fn^Offtl^^H ^IdATP^dATPaS 

d ATP43d:r/dATP a S^ffl^fclSm^^Tc 0. 1 nmolO d AT P 

M^bfco dATPCDM^O^^S^iil/^K^^P^ (WI#(DATP© 
m\}frt>(Dl~2%(D5£yt\Zffl^-tZ> 0 d ATP <DZ.C0mmU, dATPSr^jP 
^&z\£\z^xmmfefcm*YMh^&z\t.*^m\z^&o 

Rfrv\z, dna^u *7-^<Dmniz£?Tmp&znmjn&t<zzf<SL^o 

^T, 8niol®dATPaS (dATPiD 8 O^Si^iS) ©S&Jbn 
tt, ;i/^7x^-if^*fLTf^C0^T^©S^#U^^.^^ (HI 2) o 02^ 
dATPaS^ jl/yyi^-fOSIiLTdATPNOO. 0 5%*i 

Lfrm$)~t:\zfc^z\£fimfeznz><, z.nzeiK&mzLfc&^x, d a t p ©f^ 

fcOCdATPaSS, iKD*^ ^tfft5DNA#'J ;* ^ — if 

\Z, DN A*mm±lzmfe<tlsfc 0 Z\Z\X\ ^HJ#e>«, Dynal/0^(£>2^(D 

£^M4 5 0 zm^tco z\n^(D\f.—x<Dm^^ y°u, ^^^M^bT^ 

%o if%mm^\^ ±&^JjW—X (M4 5 0) #tt©j£V>ttl*jS&©fc*ffi 

DNA^U^7- tf?S'l4^#l^-r^fcae)^ (Clak, J.M. (1991) Gene, 104, 75 
-80) , ^>7V- h0D3' *j»£>4>&< l^SWf'J^7--U 
@E?'J^7°^-f T-^jl^Lfc BI3^*3ViTtt> ^-tS®DiA»*t$:, 2 



(28) #^2 0 0 1-5 0 1 0 9 2 

its (dCTP) ©s&irafc«fc9M*&sii-&. w.mz* z.(DmM<D&Q&&#(DP 
p i (Dnm^m-To ffiffiM^te^mm&muvfrM&izte, p p i cd®dja^« 
m&znufr-Dft ^tt^Lxv^vo . ftoniftfc:*viTtt, lpmoi©:/ 

7-f /■5 i >^ , U— b£ffit^> B8ii>'^;P2S*E»Ufc (0 3) o MJ<£>iI 
SiSil/EL I DA4»lCJE^$nfcP P i C7)^£"M3U JCC^IffllHrtTDNAOjR 
mtektWrz (Hu It mane., HutB) . Tyir-f £>_h|5g«, MSnfcPP iT2 
0 Opmol (1/zM) CNyren, P. and Lund in, A. (1 985) Anal . Biochem. 151, 50 
4-509) o TE», 3E1C ffli^fcS* isitfSasjSSef ©PP iM^AT 
P <Dj&& \Z J: o T $ n £ c 
D N A # U ;* g -if gg^MS 

iztey"?^ -?-/j-y~?v- v \zn bTii©# u > 7— ^£ n i^fi® 

ase2.0tC^ViT^n^nO. 2*5«fctf0. 4 yMT*5 E (5 s — ^te 

^LTV^cCW . mmcommt. Xt®f-^i-iS[UTV^ CVan Draanen, N 
.A., Tucker, S.C., Boyd, F.L., Trotter, B.W., and Reardon, J. E. (1992) J. 
Biol. Chem. 267, 25019-25024) „ 
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*£T&ofc 0 0 5 fC25^Ttt, 2 9 1MM<D&-£<D— *iPCR4»l 5^ 
g<£> U A@2?'J^£^To SH^J^¥Mtt, d AT P a S (D^M \Z<£ 0 

r^^bfco el i dak&^t, &&mv&wzj:z>pp iteiiiutfim-znfcfr 

\ZtyK)&l£nZ>£^5£Am<Dm.m CVosberg,H.P.,and Eckstein.F. (1977)Bioche 
mis try 16,3633-3640] &mWLfc 0 1 ~D<D?%m<DM D ih&\Zffl^-fZ> z/!f±)V 

#©mi (dGTP) <Dmznznrco z\(D-y-^ zji^nn&mwiT&ztiiz 

r^m^iz^D&^m^m^zT^tz^z^u^^u^^^muLm^n 
nicest* mmtofe^mz* mc^>y°u- 

L/io JS^cte, M2 8 0 tf— XfC^^Tck D t»M4 5 0 tf— XKOV>TCD;W*i> 

fc&r>i£. nzntcwzm. ¥&W}<tmi®-y->j3-mmikfemz£K)mmisfz ( 

§g»iJ2 

A7b'>^^^-pR I T2 8HP(7)^||fej:^7">7V- hOll 
^-U=f^^l/^-^FR I T2 0 3£>£^R I T2 0 4 (H»J 1 KM LfcJ: 5 
KMJSb&fc©) ^M^'J^XSt, HindHI (Pharmacia, Biotech, U 
ppsala, Sweden) WiiLfc^XS KpRIT2 8 (Hul tman£>> 1990, 
ffftH) CMb^. 7. 5pmol0^7'f I T 2 9/ROMO 2 0 5 S, 



(30) #82 0 0 1- 5 0 1 0 

2 0 0 /iM dNTP, 2 0mMhUX-HCl (pH8.7) , 2mM Mg 
Ch, 0.1%Tween 2 0 & «fctf 1 3M&CDAmpl iTaq DNA#'J^7- if (Per 
kin Elmer, Cetus, Emeryville, USA) £JBV^ ftHWi^ 5 0/i 1 tit, p 
R I T 2 8HP^7^5 F<DT;i/^U >*-J:TPCRaS^fc. IS7°0 

9 5t:ti 5#<2^tt:aS££^7 2^9 o#©T--u>^V 

#lIi^t^T^^Co ZLtl^OJLU*. GeneAmp PCRyXfA9 6 0 0 (P 
erkin Elmer, Cetus, Emeryvi 1 le, USA) V^T 3 5 mm D Mbfc M^J-~M\L 

X (Dynabeads (1£MS0 M 2 8 0 — X h W7° h T t*> ? >, Dynal A. S. , Oslo 
, Norway] -LKH^fLbfc k*-Xte> Mig#(Dynal A.S., Oslo, Norway) \Z 

£r>mmznT^z>&?\z@.mLr£ 0 mfeitzntcp cR±j$.m* o . im n 3 

A^f#feo @^{r:$n^-^:SlDNA€, $f 1XTE (10mMhUX-HC 
1, ImM EDTA, pH7.5) Tifti£U 20mMhUX-HCl (pH7 
.5) , 8mM MgCl^t, 6 5tT5»W7*U^XS-&> U7M 
^ADNAW^©^*©;1/- £ i¥f& b o 
J|/-yii§±T(Z)'J7J^'fADNAK^M 

liLt ®S51'l4ti-X±^@^{t$n^;U-Xtfit^> (exo") ?V 
J 9DNA^'J^7- \£^thlz^ >^zl^— hUc. ^£#11 fCfafcbfcJ:? 

UT;i/^-1'A@E^J^^*5^^^ffl©^^©^>Xl/- h c^bT^-XtM?: 
J££, l£tf> 1 2lHl©@H^J^-tr-r^;l/^^^T|g7 IZtk-To z.<D^m\z^x. 

)i-y°y°7^^-izmm-rz>mm?) 1 o^©@E^j^^-r^><i<h^T^fc 0 
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[¥«E*tIE»] 

[JftHB] ¥^11^5^ 2 1 0 (1999. 5. 21) 

h (ppo sifcttrrsj^Ku pp i ®tta£#*wfctftttiu 

©gijflor un-h ^fettiwi cum- y^-Y ^—u^rno 

St^oT, PP i^m^m^U^^— VRj&xmiz&Sistl&ZLi:* 
^XXS^f^^tc^Jf-t^rzyrfy is> h'J*X7xrb (ATP) 

P P i ^W#^©SK<i:LT«f^fflT§^i:^T#^:Vid ATPSfdld 

d at p y-yu >f*m ^zzai zmm. Etttm. 

2. P P i CDiftttlSr, ;i/y7i7-«y7x'J >^CD05S¥Stl 

3. P P i ©Settle ^W^ffyliJMtfD^X^x-h^tHT^-fe-r (E 
L I DA) SfflVvrtfeffl-f SS^3S2IE«©^ffi. 

4. dATP*&UddATP7to^, rt+y7T7y>a-^h l J 
zfr*:7x— h (dATPaS) ffif^l~3 0^1*n*U^ia* 

5. dCTP> dGTP45«k^dTTP©a-?*7ta^Offiffl*S5fc^ 

tr, ft^3Si~4(D^-rn^iTOtKc7)^o 
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7. K#DNA£*:fflfciiiH'r*, ff&Jg 1 ~ 6 ©V»fn^ 1 

8. #S^^-r^-^, -€-ng#*3J:^M*4DNAc75 3 ' 

>^T£> «^l~7©^m^ lTO«c©;m, 

9. K»DNA*ij}«^U;l««*nfcDNA*a3£fl:U ^Kil^iltK^ 

A K /W y U ^-f XT §#fi77 -f b ; @^b-*liD N A <D 

T^^v^^l/^ F<hSjSbTt^j:^DNA^#fi$tT-*:iD 
NAM — Jj~V* i??** v-T-y D y £ fltz. D N A D 
NA©S^L ; flEWf, n*iD N A& £^V£fc«— N A£|W| 

mS^^i«^fi^#Sbfc>o^^-r, ff^il l - 8 (D^-ftifr l TO 

10. #U^^-ifS^Xg^©^ij^^— tf^\ X^V^^7|/7— tf^Itt ( 
e x o") Tf&£, gft$lg 1 ~ 9_<D^-ftlfr 1 TOjEO^feo 

11. ^i(©M*4DNAgH^J^OViT©^©^i6©, ftufEDNAgE^iaft^ 

12. fff^Jg 1-11 (DV^-rn^ 1 TOlt^fefc &^Tffl ^ZtzttXP* y hT 
(a) #U*^— fef; 
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(c) dATPCf^Dil, #U*9— ifcDSK^bTMT^Clt^T 
€r* *«ltrK P P i t L Tflsffl-T £ :ttttt&^dA 

13. ggjjC, 

(d) ddATPJ, ^U^^-if^M^bTf^T^ilch^f^^^ 

(ii) PCR^'J^7- If ; *3cfc^ 

(iii) ^r+v'^ l/^F 

15. jjjjjLzrz: ^ x^y^_kZrz^ai£ (exo ) if^JHi 

2 — 14 gH^frtfo 1 JgfEffcO^y ho 
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